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Library Preparation

DNA Library Preparation for MiSeq Sequencer
The initial step in making a DNA library is Tagmentation. In this step, isolated DNA is mixed with

transposomes (engineered enzyme), and through their enzymatic activity the DNA is cut into short
fragments. The Nextera Library Prep Kit uses Amplicon Tagment Mix (ATM) and Tagment DNA buffer
(TD) during this step. To avoid over-tagmentation the enzymatic reaction is stopped with Neutralize
Tagment Buffer (NT). The tagmented DNA is then used for Indexing. In this step, specific sequences are
added to the DNA fragments. These sequences provide specificity to each sample and are recognized in
the sequencer. The Nextera Library Prep Kit uses Nextera PCR Master Mix (NPM) in combination with
an Index Kit. Once these reactions are completed the processed DNA fragments are cleaned to obtain
homogenous size fragments and remove unprocessed DNA, enzymes, and salts. Finally, processed DNA
is normalized to a specific concentration and mixed together as a pool.
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Library Preparation: Indexed DNA fragments are ready for cleanup
Cleanup of Indexed Fragments = =

Nextera XT Tagmentation and Indexing

Tagmentation of DNA

1. Add 5£1 pl of the diluted DNA (2 ng/ul) to 45+1 ul of molecular-grade water to dilute
the extracted DNA to 0.2 ng/ul. This will serve as the template for the tagmentation
reaction.
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2.

3.

Thaw ATM, NPM, and TD (Nextera Library Prep Kit) on ice. Store NT at room
temperature.
Aliquot the following reagents into PCR strip tubes for easier multi-channel pipetting
purposes:

a. ATM (7£1 pl)

b. NT Buffer (71 pl)

NTA Plate (Nextera XT Tagment Amplicon Plate) Preparation (96 Well Plate Format)

N we

8.

9.

To each well, add 10+1 pl TD Buffer, 5+1ul diluted DNA (0.2 ng/ul and 5+1 ul ATM
Pipette the mixture (2041 pl volume) up/down 5x to mix reagents.

Seal the plate using Microseal B and centrifuge for 1 + 0.5 min (approximately 280 xg).
Place the plate on the thermocycler and heat at 55 £1°C for 5 +£1 min followed by cooling
to 10 £1°C. Immediately proceed to step 8.

Add 5+1 pl of NT buffer and pipette up/down (quickly multi-channel pipette the NT with
each aliquot previously prepared).

Seal the plate using Microseal B and centrifuge for 1 min (approximately 280 xg).

10. Hold the plate for 5+1 min at room temperature.

Indexing of Tagmented DNA

Thaw index primers from Nextera XT Index Kit at room temperature and use immediately
or store on ice.

11. Add 15+1 pl of NPM into NTA plate wells (from tagmentation)
12. Add 5+1 pl of each primer (Index 2 then Index 1) and pipette up/down 5x to mix

reagents.

13. Seal the plate with Microseal A and centrifuge for 1 min at approximately 280 xg.
14. Perform PCR on the mixture (50£1 pl total)

Use the following reaction parameters:

72°C for 3 minutes
95°C for 30 seconds
12 cycles:
95°C for 10 seconds
55°C for 30 seconds
72°C for 30 seconds
72°C for 5 minutes
Hold at 4°C
Optional Stopping point 2 days at 2-8°C
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DNA Purification
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Magnets will attract paramagnetic beads bound to the DNA, leaving contaminants
behind in the supernatant. Avoid disrupting beads during ethanol washes and allow
beads to air dry while remaining on the magnet stand.
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Magnets will pull beads out of suspension, leaving behind purified DNA in the
supernatant.

Step 8-9

v

Purified
DNA
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Cleanup of Indexed Fragments
Note: Beads have to be vortexed periodically to
remain in solution.

1.

10.

11.

Thaw RSB from Nextera XT Library Prep Kit
on ice (takes approximately 1 hour). Warm
Ampure beads to room temperature (already
aliquoted into 500-1000 pl aliquots) and make
80% ethanol wash solution at time of use
according to chart.

Vortex Ampure beads for approximately 30
sec. Using wide-orifice tips, add 20+1pl of
Ampure beads to 40+1pul of volume from the
NTA plate into a deep well plate.

Using wide orifice pipette tips to avoid
clogging and ensure mixing, pipette up and
down 10X to mix reagents and let stand at
room temperature for at least 5 minutes.
Increasing incubation time can increase
quality and yield.

Place the plate on the Ambion Magnetic
Stand-96 for 2+1 minutes.

Remove the supernatants using a multi-
channel pipette.

To each well, add 190410 pl 80% Ethanol
with plate on the Ambion Magnetic Stand-96.
Incubate for 30 £1 second, remove
supernatant.

Repeat 80% ethanol wash.

Using a 20 pl pipette tip, extract any residual
liquid and dry approximately 10-11 minutes.
Note: Exceeding the maximum air-dry period
(11 minutes) can make resuspension difficult
and is not recommended. Over-drying is
indicated by cracks in the bead pellets.
Remove the plate from the magnet and add
45+2 pl RSB. Mix with multi-channel pipette
10x using wide-orifice tips or shaker 2+1
minutes. Incubate for 2+1 minutes at room
temperature.

Place the plate on the Ambion Magnetic
Stand-96 for 2+0.5 minutes.

Pipette 40+1 pl of AMpure-cleaned
supernatant into a new PCR plate labeled
CAN (clean amplified NTA plate) and seal
with Microseal B film or pipette into
Eppendorf LoBind 1.5 mL tubes and label as
CAN.

Optional Stopping Point <-10°C for up to 3 months

Ethanol Wash Dilution Calculations (80%)

#
samples

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Total 80%
needed (ul)

3600
4000
4400
4800
5200
5600
6000
6400
6800
7200
7600
8000
8400
8800
9200
9600
10000
10400
10800
11200
11600
12000
12400
12800
13200
13600
14000
14400
14800
15200
15600
16000
16400
16800
17200
17600
18000
18400
18800
19200
19600

100%
EtOH

(u)
2880

3200
3520
3840
4160
4480
4800
5120
5440
5760
6080
6400
6720
7040
7360
7680
8000
8320
8640
8960
9280
9600
9920
10240
10560
10880
11200
11520
11840
12160
12480
12800
13120
13440
13760
14080
14400
14720
15040
15360
15680

H,O
(ud)

720

800

880

960

1040
1120
1200
1280
1360
1440
1520
1600
1680
1760
1840
1920
2000
2080
2160
2240
2320
2400
2480
2560
2640
2720
2800
2880
2960
3040
3120
3200
3280
3360
3440
3520
3600
3680
3760
3840
3920
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QUALITY CONTROL
PhiX Quality Assurance Considerations

DNA from the bacteriophage PhiX, provided by Illumina, is well balanced in
nucleotide composition and serves as an overall MiSeq® run performance
control and helps provide important run information during troubleshooting.
After a run, analysts may evaluate the effectiveness of PhiX addition by
viewing the aligned reads percentage in Sequence Analysis Viewer (SAV).
The percentage of aligned reads should correlate to the percent PhiX added
during pooling (1%). The percentage of reads should be roughly 1+0.75% in
a typical MiSeq® run.

PhiX Control Stepwise Dilutions

Quantify post-cleaning DNA (CAN) using Qubit dSDNA High Sensitivity
(HS) kit as follows:
1. Add 2=+l pl 10nM PhiX (stock concentration) to 31 ul 10mM Tris-
HCI with 0.1% Tween 20 (pH 8.5) to bring concentration to 4nM.
Add 5+1 pl 0.2N NaOH (see page 16 for preparation), vortex to bring
concentration to 2nM.
2. Centrifuge briefly and incubate for 5+1 min at Room Temperature
3. Add 990+1 pl Pre-chilled HT1 to bring concentration to 20pM.
4. Vortex and leave on ice.
Note: 20pM dilution can be stored at <-10°C and used for 3 weeks.
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Sequencing

Library Pooling and Denaturation

1.

A e

Quantify post-cleaning DNA (CAN) using Qubit dsDNA High Sensitivity (HS) kit as

follows:

a) Sample Prep: Label the lids of the Qubit assay tubes needed for numbers of samples
and the two standards.

b) Prepare the Qubit working solution by diluting dSDNA HS reagent 1:200 in dsDNA
HS buffer (1 pl of reagent into 199 pl buffer) or use the commercially available HS
working solution.

c) For the standards, add 190+1 ul of working solution and 10 pl of each Qubit standard
and vortex. For the samples, add 190-199 ul of working solution and 1-10 pl of DNA
template to bring to 200 pl total volume and vortex. Incubate all samples and
standards for a minimum of two minutes at room temperature (protected from light)

d) Reading the samples: On the Qubit home screen, press DNA then dsDNA High
Sensitivity as assay type. On the Standards Screen, select to run new calibration. To
run new, insert Standard #1 in Qubit and close the lid and press Read. Do the same
for Standard #2. Standards are run to provide a concentration of the samples relative
to the two standards. Standard 2 must be at least 10x greater than Standard 1. The
effectiveness of the kits should be evaluated on an ongoing basis. If a kit is deemed
to provide out-of-spec results that affect library preparation and sequence quality and
other metrics, a new kit should be obtained.

e) At Sample Screen, insert your sample tube into the Qubit and press Read. Remove
sample and insert next tube and press Read Next Sample. Repeat for all samples.
Post-cleaning DNA concentration shall be >1.33 ng/ul. If the reading(s) does not
meet this criteria, a new library must be performed for that sample.

Note: If a sample will be excluded from a run, then the sample sheet needs to be edited
before loading.

Pre-heat a heat block to 96+1°C.

Thaw cartridge in room temperature water (to the maximum line) and then place on ice or
in refrigerator (2-8°C). Alternatively, the cartridge may be thawed in the refrigerator for
8-24 hours.

Thaw HT1 buffer (found in cartridge container) and keep on ice. Calculate the sample
volume for a 4nM library (or 3nM or 2nM only if yield was too low for 4nM). The
conversion factor for ng/ul to nM shall be 1.5. Dilute template in 10mM Tris-HCI with
0.1% Tween 20 (pH 8.5) to desired volume (e.g. 50 ul). Note: With lower post-cleaning
concentrations, more sample volume from CAN step is used, limiting the need for dilution
to get the optimal library concentration. Pool the needed volume from each sample
library into one tube for a minimum volume of 50 pl.

Prepare fresh 0.2N NaOH from 1N stock concentration each day of use (for example, add
200 ul of PCR water to 50 ul 1N NaOH) to denature the pooled library. 1N NaOH
should be kept frozen (<-10°C) in aliquots (e.g. 50 pl) in tubes for ease of use. Discard
diluted NaOH after usage.

Combine 5+1 pl of 0.2N NaOH and 5+1 pl of the pooled library.

Vortex gently and centrifuge. Incubate for 5+1 min at Room Temperature

Add 990=1 pl of pre-chilled HT1 vortex and store on ice.

Dilute library using Table 6.
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Table 6: Library calculations

2nM 3nM 4nM
(10pM DNA) (15pM DNA) (20pM DNA)
Final Loading | Denatured | HTI | Denatured | HTI | Denatured | HTI
concentration DNA DNA DNA
M 420ul 180l 280ul 320ul 210ul 390ul
SpM 480ul 120pl 320pul 280ul 240ul 360ul
')pM 540ul 60ul 360ul 240ul 270ul 330pul
10pM 600ul Opl 400ul 200ul 300ul 300pul
11pM 440ul 160pl 330ul 270ul
12pM 480ul 120pl 360ul 240ul
13pM 520pul 80ul 390ul 210ul
14pM 560ul 40ul 420ul 180ul
15pM 600ul Oul 450ul 150pl
16pM 480ul 120pl
17pM 510l 90ul
18pM 540ul 60ul
19pM 570ul 30ul
20pM 600ul Oul

10. Add 3.75+1 pl of diluted PhiX control (20pM) to 600£1 pl (1%) of denatured and diluted
sample library. Please see PhiX dilution instructions on page 15.

11. Incubate PhiX/library mixture at 96+1°C for 2+1 minutes.

12. Keep tube on ice for at least 5+1 minutes until ready to load into the cartridge.
PhiX/library mixture may be stored up to three weeks at -15°C to -25°C.

Note: MiSeq instruments contain the MiSeq Control Software program for operation. The
program provides step-by-step instructions to operate the instrument and load the cartridge.
Please refer to the [llumina MiSeq® System Guide for additional details.

13. Shut down and restart the MiSeq instrument before loading as per manufacturer
instructions defined in Illumina MiSeq System User Guide.
a. From the Home screen, select Manage Instrument.
b. Select Shut Down. This command shuts down the software
c. Toggle the power switch to the OFF position.

Note: Any time that the instrument is switched off, wait a minimum of 60 seconds before
turning the power switch back to the ON position to prevent instrument damage.
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Loading the Pooled Library onto the MiSeq®

14. Mix the solutions in the cartridge by inverting 5-10 times after all the ice is gone before

loading the library.
a. Tap on bench to settle components (not on the main bench if a machine is
running).

b. Pre-pierce the foil in the sample hole with pipette tip.

c. Add your sample (approximately 600 pl) to the cartridge and tap gently to settle
the liquid to bottom of the well.

d. Prepare flow cell by cleaning off buffer with Milli-Q water and dry with a
KimWipe tissue. Wipe with lens cleaning tissue to ensure no lint is left on the
flowcell. If there is residue on the glass, wipe down the flow cell with 80%
ethanol (avoid the gasket) and ensure no liquid is visible on the flow cell before
loading into the machine.

e. Empty the waste container if needed.

f. Invert PR2 bottle a few times to mix. Discard PR2 cap to prevent confusion with
the wash lids.

g. Follow the on-screen prompts to start the run. This includes loading the
following: (a) Flow cell (b) PR2 bottle (c) Sample sheet selection (d) Cartridge
with Pooled Library loaded

h. Load and make sure pre-run check is satisfactory, then proceed with sequencing.

Monitoring the Progress of the MiSeq Run

The onboard diagnostics of the MiSeq should provide several indications that the run has
successfully begun. The cluster density should populate around Cycle 10 and should ideally be
in the range of 600-1200 k/mm? for Version 2 chemistry and 1200 — 1400 k/mm? for Version 3
chemistry. Pass filter and Q30 percentage should begin to populate on the screen during the run.
Pass filter should ideally be >80% and Q30 should be >80%.

Note: that these metrics apply to the entire run and failure to meet these metrics does not
necessarily indicate that individual samples on the run will fail to meet quality control
metrics. One may choose to accept individual sequences instead of an entire run, based on
the sample acceptance quality metrics listed on page 20.

Post-run Wash

1. To perform the Post-run wash, fill each of the wells of the wash cartridge with 6 +1 ml of
0.5% Tween-20. The remainder of the 0.5% Tween-20 (approximately 350 ml) will be
used as the wash bottle for post-run wash.

2. After the run, discard the waste according to state and federal regulations.

3. Pour the remaining PR2 into the sink and triple rinse the bottle before disposing of it
following state and federal regulations.

4. Place the wash cartridge with 0.5% Tween 20 solution and Tween 20 bottle into the
MiSeq® and do post-run wash by following on-screen prompts. Note: the flow cell stays
in place and is not removed until the next MiSeq® run.

5. Discard used flow cells in sharps bins.
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Post-Run Template Line Wash

1. Prepare fresh sodium hypochlorite solution (NaOCl) by adding approximately 36 ul of
5% NaOCl to approximately 864 pl of laboratory-grade water. This will result in a 1:25
NaOCl dilution.

2. Add approximately 50 ul of the 1:25 NaOCI dilution to approximately 950 ul of
laboratory-grade water in a MiSeq tube and place the tube containing the 0.01% NaOCl
into position 17 on the wash cartridge.

3. Fill the remaining wells on the wash cartridge with with 6 £1 ml of 0.5% Tween-20, and
with the remainder of the 0.5% Tween-20 (approximately 350 ml) will be used as the
wash bottle for template line wash.

4. When the run is complete, select perform optional template line wash on the post-run

screen. This will prompt the MiSeq for the bleach wash.

After the run, remove the waste according to state and federal regulations.

Dispose remaining PR2 per state and federal regulations.

7. Place the wash cartridge with 0.5% Tween 20 and 0.01% NaOCI solution and Tween 20
bottle into the MiSeq® and do post-run wash by following on-screen prompts. Note, the
flow cell stays in place and is not removed until the next MiSeq® run.

8. Discard used flow cells in sharps bins.

SN

Bioinformatics

Calculate nucleotide balance

For each FASTQ file determine the total number of each nucleotide (A,
T, C, G). Next determine the ratio of A to T and C to G using the
following equations: (total #of As)/(total # of Ts) and (total #of
Cs)/(total # of Gs). For each sample there should be 4 nucleotide
balance values an A:T and C:G for the read 1 FASTQ and the read 2
FASTQ.

Calculate average quality

For each FASTQ file, every 4" line is converted to its corresponding
decimal value from the native ASCII value. Next 33 is subtracted from
each decimal value to account for the proper offset. The resulting
values are then summed and divided by the total number of base pairs
to obtain the average quality score.

Calculate coverage
For each FASTQ file, the total number of reads is multiplied by read

length and divided by genome size in base pairs. The following
genome sizes will be used for calculation of coverage:

Salmonella 5Mbp
E.coli 6Mbp
Listeria monocytogenes 3Mbp
Campylobacter 1.6Mbp
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Perform Assembly

De novo assembly is performed using available assembly
algorithms from the manufacturer.

Assess assembly size

Assembly size is estimated based on the FASTA file size in which
IMB is approximately 1,000,000 base pairs.

Quality Metrics Criteria

Quality metrics are subject to change based on unique analysis needs
and/or federal partners’ recommendations and minimum
requirements. The current quality criteria used are based on “PulseNet
Standard Operating Procedure for Illumina MiSeq Data Quality
Control” (https://www.cdc.gov/pulsenet/pathogens/wgs.html)

Uploading Sequences to NCBI and Further Analysis

If sequences meet or exceed the recommended quality metrics,
the sequences and corresponding metadata will be uploaded to
NCBI.

NCBI BioSample

Limited isolate metadata (isolate identifier, organism, isolation
source, collection year, collection state) is submitted to the NCBI
BioSample Database which assigns a unique identifier (BioSample
Accession/SAMN#). Once BioSample information is published it is
publicly available (https://www.ncbi.nlm.nih.gov/biosample/).

NCBI Sequence Read Archive

FASTAQ files are uploaded to the NCBI Sequence Read Archive
(SRA) Database which assigns a unique identifier (SRA
Accession/SRR#). The FASTQ files are converted to the SRA format
and are linked to the unique BioSample identifier for the isolate and
published to the SRA database. Once SRA information is published,
raw reads can be publicly downloaded
(https://www.ncbi.nlm.nih.gov/sra/).

Once sequences are uploaded to NCBI, NCBI performs phenotypic
predictions (e.g. antimicrobial resistance, stress, and virulence) and
clusters genetically similar isolates into phylogenetic trees based on
SNPs.
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